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Human 
activities have 
dramatically 
increased 
over the last 
approx. 60 
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Steffen, W., et al. 2004
The response to 
these activities can 
be measured at the 
global level
Related to agriculturePlanetary 
Boundaries: 
Exploring the safe 
operating space for 
humanity in the 
Anthropocene 
(Nature, 461 : 472 –
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• overfishing, coastal 
eutrophication
• phosphorous accum-
ulation in soil and mud
• fire prevention
3
state shift
• disease,
hurricane
• flooding, warming,
overexploitation
of predators
• good rains, continu-
ous heavy grazing
coral dominance
clear water
grassland
4
algal dominance
turbid water
shrub-bushland
Valuable Ecosystem Services           Loss of ecosystem services
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The Resilience of the Earth SystemDias 9
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Our precarious predicament
”We have our foot on the accelerator 
driving towards the Abyss...”
Ban Ki-moon Secretary General of the UN
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Planetary 
Boundaries350 550Climate Change
< 350 ppm CO2 < 1W m2
(350 – 500 ppm CO2 ; 
1-1.5 W m2)
Ocean acidification
Aragonite saturation 
ratio > 80 % above pre-
industrial levels
(> 80% - > 70 %)
Ozone depletion
< 5 % of Pre-Industrial 290 DU
(5 - 10%)
Global Freshwater Use
<4000 km3/yr
(4000 – 6000 km3/yr) 
Rate of 
Biodiversity Loss
< 10 E/MSY
(< 10 - < 1000 
E/MSY)
Biogeochemical 
loading: Global 
N & P Cycles
Limit industrial 
fixation of N2 to 35 
Tg N yr-1(25 % of 
natural fixation)
(25%-35%)
P < 10× natural 
weathering inflow to 
Oceans
(10× –1 0 0 ×)
Atmospheric 
Aerosol Loading
To be determined
Land System 
Change
≤15 % of land 
under crops
(15-20%)
Chemical Pollution 
Plastics, Endocrine Desruptors, 
Nuclear Waste Emitted globally
To be determined
Planetary 
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Challenge of the 21st Century!
Sharing the Earth’s resources  
among (incl. Feeding) 9 
billion people AND staying 
within the Planetary 
Boundaries1. Stay within 350 ppm, an agricultural system that goes 
from being a source to a global sink
2. Essentially a green revolution on current cropland 
(expansion from 12 % to 15 %) (efficiency and resilience)
3. Keep global consumptive use of blue water < 4000 
km3/yr, we are at 2,600 km3/yr today and rushing fast 
towards 4000 km3/yr 
4. Reduce to 25 % of current N extraction from atmosphere
5. Increase P‐use efficiency and not increase P inflow to 
oceans 
6. Reduce loss of biodiversity to < 10 E/MSY from current 
100‐1000 E/MSY
A new ”global spec” for world food 
production:
Resilience= Capacity to reorganise after a 
disturbance(Also) for agriculture…
Business as usual is dead! 
The challenge is to feed 9 
billion while staying within the 
Planetary boundaries!
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Rate of Biodiversity Loss
Avoid large scale irreversible loss of functional
diversity and ecological resilience
The current and projected rate of biodiversity 
loss constitutes the sixth major extinction event 
in the history of life on Earth – the first to be 
driven by human activities on the planet 
Humans have increased the rate of species 
extinction by 100-1,000 times the background 
rates that were typical over Earth’s history
Average global extinction rate projected to 
increase another 10-fold, to 1,000-10,000 
E/MSY during the current century
Suggesting a safe planetary boundary (here 
placed at 10 E/MSY) of an extinction rate within 
an order of magnitude of the natural 
background rate